The RNA of a previously described tobamovirus-like agent infecting hibiscus in Taiwan 
INTRODUCTION
Hibiscus (Ilihi.rcus rosa-sinensis L.) is a popular woody ornamental plant commonly used as fence or potted plants in Taiwan. A viral agent has been implied as the cause of vein-yellowing and mosaic symptoms on hibiscus. The causal agent is not serologically related to Tobacco mosaic virus (TMV) and Odontoglo.s'.s'uin ringspot virus (ORSV) in double diffusion tests in spite of its Tobamovirus-like profile (Chen et al., 2001) .
Recently, two hibiscus-infecting tobamoviruses have been reported from Singapore and Florida, USA, and were designated as Hibiscus virus S(HVS) (Srinivasan et al., 2002) and Florida hibiscus virus (FHV) (Adkins and Kamenova, 2003) . respectively. The coat protein (CP) gene of Fl IV shares68% nucleotide sequence identity and 73% deduced amino acid sequence identity with that of FIVS indicating that the two viruses are distinguished species in the genus Tobarnovirus (Adkins and Kamenova, 2003) . In addition, the CP genes of HVS and Fl IV are only 45 to 53% and 37 to 57% identical at nucleotide and amino acid levels, respectively, to all other tobamoviruses (Srinivasan et al., 2002: Adkins and Kamenova. 2003) .
In this study, we analyzed the nucleotide and deduced amino acid sequences of CP and movement protein (MP) genes of the previously reported tobamovirus infecting hibiscus (Chen et al., 2001) . Results show that the hibiscus tobamovirus isolates occurring in Taiwan are different strains of Hibiscus virus S ( I1VS) .
MATERIALS AND METHODS

Virus and Plants
The virus was isolated from naturally infected hibiscus plants through three successive local lesion isolations in Chenopodium quinoa. Two isolates. HV-Ch and I-IV-Y, of hibiscus virus were designated and established according to the types of local lesions formed in C. quinoa. Because no systemic hosts were found and no virus-free hibiscus plants were available, C. quinoa was used as a maintenance host. Inoculation was carried out mechanically by inoculating leaves with crude sap prepared from infected plants. The FTV-Ch isolate first induces chiorotic local lesions which then turned necrotic. The viruses thus were designated HV-Y induces yellowish local lesions which remain yellow and no necrosis was observed. 
Purifications of Virions and Viral RNA
Virions and viral RNA were purified as described by Chapman (1998). Leaves of inlcted C. quinoa were homogenized in phosphate buffer and the virions were concentrated with polyethyl glycol (PEG), purified with differential centrifugation followed by 10-40% sucrose density gradient centrifugation. Viral RNA was extracted from purified virions using phenol-chloroform extraction and precipitated in ethanol.
RT-PCR
The oligonucleotide primer pairs for RT-PCR to amplify CP and MP genes were designed according to the determined sequences of l-IVS (Acce. No. AF395898 and AF395899) (Srinivasan et al., 2002) . The forward and reverse sequences of primer set are 5'-CCATGCCTTACCTTAA-3' / 5'-GGTTACGTTGTAGTAG-3' for CP gene and 5'-CCATGAGTCTTAATCTGGC-3' I 5'-CCTTAAGGTAAGGCATCGC-3'for MP gene. Viral RNA was used to synthesize first strand eDNA using MMLV-reverse transcriptase (Epicentre, Madison, WI, USA) with reverse primers. PCR amplifications of eDNA were carried out under the following conditions: denaturation for 3 mill at 94°C and then 32 cycles of denaturation for 50 sec at 94'C, annealing for 50 sec at 55€. and extension for I min at 72°C. The final extension was a 7-min incubation at 72 C. PCR products were analyzed by electrophoresis in a 1% agarose gel and DNA bands were visualized using UV transilluminator after ethidium bromide staining.
cONA Cloning and Sequencing of CP and MP Genes
PCR products were cloned into pCR 2.1-TOPO vector (lnvitrogen, Carlsbad, CA) according to the instruction provided by the manufacturer. DNA sequences were determined by the automatic DNA sequencing system. Nucleotide and deduced amino acids sequences were analyzed by the I3estlit and the PileUp programs of the Seq Web Version 2.02.
Phylogenetic Analysis
The phylogenetic analysis of CP and MP genes among tobamoviruses was carried out using the Neighbor-Joining program of PIIYLIP version 3.5c. Genetic distances were calculated using the program PRODIST. Phylogenetic trees were constructed by a distance method (NEIGHBOR) using the original data set and 1000 bootstrap data set generated by the program SEQBOOT from the original set. The consensus tree was generated using the program CONSENSE.
RESULTS
The eDNA of CP and MP genes of both HV-Ch and l-IV-Y were cloned and sequenced. The CP genes contain 489 nueleotides and encode a polypeptide of 163 amino acids residues with a molecular weight of 18.2 kDa whereas the MP genes contain 846 nucleotides and encode a polypeptide of 282 amino acids residues with a molecular weight of 31 kDa (Table I) .
CP and MP gene sequences were compared with the following Tobamovirus: HVS, FHV, TMV, ORSV. and Cucumber green mottle mosaic virus (CGMMV). CF and MP of both HV-Ch and llV-Y share less than 65% (54.99-64.96%) and 60% (53.5-59.6%) sequence identity at nucleotide level with non-hibiscus-infecting tohamoviruses, respectively, and 46% (41.77-45.91%) and 32% (29.33-32.02%) at amino acid level, respectively. (Tables 2 and 3) .
Sequence homologies at the nucleotide and amino acid levels for both CP and MP among hibiscus-infecting tobamoviruses are higher. Analysis reveals that both HV-Ch and I-IV-Y are very similar to IIVS. They share 99.39% and 100% CP homology at nucleotide and amino acid levels, respectively, and 98.18 to 99.94 and 98.94 to 99.65% MP homology at nucleotide and amino acid levels, respectively, (Tables 2 and 3 ). Less homology was observed for both isolates of [IV with FHV. Both share 71.82% and 76.92% CP homology with Fl-IV at nucleotide and amino acid levels, respectively, and p 7126 to 71.69% and 82.97% MP homology at nucleotide and amino acid levels, respectively. (Tables 2 and 3) . Phylogenetic trees derived from comparison of CP and MP deduced amino acid sequence homologies between hibiscus virus from Taiwan and those from other tobamoviruses are shown in Figures 1 and 2 . respectively.
Both CP and MP sequence data of HV-Y and HV-Ch are available in the Genbank database (accession numbers AY546633, AY546634. AY546635. and AY546636).
DISCUSSION
Hibiscus plants showing vein yellowing and mosaic s y mptoms have been observed for many years in Taiwan. The causal agent was only identilied as a tobamovirus-hike agent (Chen et al.. 2001 ). It was not serologically related to any known tohamoviruses tested suggesting that it might be a new species in the genus Tobainovirus. Our preliminary tests showed that the agent was serologically related to HVS. reported in Singapore (data not presented). Current findings show that the previously reported hibiscus-infecting tobamovirus in Taiwan (Chen et al., 2001 ) is a strain of HVS (Srinivasan et al., 2002) .
Because of the lack of virus-free hibiscus plants, it was not possible to inoculate the original host with the isolated virus. However, symptoms observed in hibiscus fields are severe and conspicuous comparing to the symptomless infections reported for HVS and FHV. Many possibilities including environmental factors, age of the plants when infected, or latent period after infection may influence the symptom expression. Furthermore, multiple infections with other viruses can not be excluded since Ihhiscus chloi'otic ringspol virus (HCRSV) is another hibiscus-infectmg virus in Taiwan (Li and Chang, 2002) .
Since hibiscus is propagated vegetatively and tobamoviruses are transmissible mechanically, there is a high risk of viral contamination during propagation. Appropriate and effective means of disinfecting cutting tools is therefore necessary to prevent the spread of the virus among the progenies. Table 1 . The values at the forks indicate the numbers of times out of 1000 tree that this grouping occurred after bootstrapping the data. The scale bar shows distances at substitutions per base.
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